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STATUSOF THE LOS ALAMOSGYROCOfi*

Paul J. Tallerico
Los Alamos National Laboratory, Los Alamos. New Me.tico

lhe gyrocon is a deflection-mtic!ula!ed RF ampli-
fier that can achieve very high peak-and average-
output power, as well as exce; lent direct-current-to-
radio-frequency conversiorl efficiency. The electron
dynamics of the gyrocon are analyzed with a large-
signal computer code that is used to design a proto-
type gyrocon, This gyrocon Is non built and it has
been operated at low duty cycle. The design goals,
ccmstruct ian details, and initial operating results
of the prototype gyrocon are discussed.

~ntloduction

Deflection-m,ndlilatcd microwave generators have
been the subject of research fnr about 40 years,’-s
but generally have met with limited success. Budk~r
and his colleagues have made sevrral innovationsi, s
in the past decade that have resulted in operable
gyrocons. The gyrocon (rig. la) is operated with
Tf4110 deflection of an electron beam, followed by
an electrostatic bending and maqnctic bending system,
Finally, the beam enters z resondnt ring of wnv~
guide, wher[p Lhu elecLron enrrgy is r+xtractrrl. This
typo of gyrucon is call~d an ~~1~1 gyrocon, brc~uso
tho OULput-CdVt~y electric field is aiial. The firr,t
gyrocon ~rochcfid 6W kld of pulsed powl~r in 1971, and
achievud 3UZ elt?ctrunlc efficiency. Thr nl~~t pu]sud
yyrucoll (Flq. lb) built by Lhu Lludkvr cyu~p h~s pro-
du~l’d 4iJ-Mn PUISCS of 6-1A duration at L1.!IHz. Thti
operating efllclency is over W and thr fr~quency 1s
43u Mtlz. lhe rJdial-type gyrocon ha> bX?rIIdmiqnrd
for 5-Mti Cki output power at 181 MHz. The tludk~r group
has m.hievtid 1 Mk of beam powrr and 60LI kti of rtuLput
powrr frc.m Lhi\ drvicr. lf~fcrt?nrr h qivu~ a cnmprr-
hens!vd rrview of thu Suvlet wurh.

8

.

h

M
(1-lx) (11))

I 1[1. 1. $ovtot ailal-stylr qyrornn~m l-a) III!*
f Ir$t qyrn[ IIn, l-b) Lhr prIIItIInt!tovirl ax IJI
gyl’[11(111. ( I) L lrLf rllll XJIIII ; (?) Qllll f 11(U\
~oil; (J) doflwtion tdvll,y: (4) rlr(tro-
static brndrr; (!1) Outpllt (Ilvlty; ((I)lum-
ppnknt ton 1:011; (/) rul Iwlor; (!1] [ ollqlIIn\d-

tlon-f!rld plllr pir(r; (q) C(IP[idl t)r!llll’r
COI1; ( 10) f Ir%t ordrr L.w’ndllrtoll.

A project to fnvEstigaLe the gyrocofi thecry and
to build a prot”ltype has been underway at Los Alan&s
for several je.?rs. A p,~rticle-tracing computer code
has been written to calculate the overall conversion
efficiency of the radial gyrocon. bie have used this
code (GYRO1) to examine hhe behavior of the qyracon
as a function rtf beam power, frequency, anC bta~, vLlt-
agc. The conclusion of this theoretical study is thaL
high efficiency can be obtained only at high poker,
and that the optimum. frequent) range for the raCial
gyrocon iz between 300 ant’ 1500 MHz. Details of the
theory and the calculated results are presented in
Refs. 7 and8.

A radial-type gyrocon was designed with GVIW1
to operate at 86 kJ, 8 A, and 450 Mtlz. The outpl~t
power is over 500 kk, and the dc-to-rf convcrsirm
efficiency (which incl~des the RF drive potit~rjwas
calculated to be over RO%. A gyrocon has bevr, b,,ilt.
according to this design. Sonw aspects of the n’t’ch.
anical and electrical design, as well as tht. initial
operation of this gyrocon are discussed below.

Oesiqn of tho Los Alamo~rocon-— —.-

Thc klystrons at the Los Alamos Meson Pllysi.’,
Facility (iAWF) opcraLe at 86 hV, and aru PUISII.:l.~
a floaLlny-deck modulators A large power SI;;I;1}
at this voltage wat ,Ivailablc for experimunt,ti p,ir-
pos~s. Th~s, an ele~tron gun from a LAf4i’Fklystl”,ll,
was a logical choice for the prototype qyrocon.
Because this electron gun has a modulatfnq anorlt, tht’
beam current may be varied with minimal chargi, II: III(
be~m optics. CompuLer simulation of thl, qun indi-
catrd that the electron bran is WC1l cLtlllmaLrd d!
currents ovt’r 3 A (Fig. 2d); but aL lowrr curr!r,t~, ,1
crossover is formud (tig. i?b). Llcctruri trJJrLtur~
data from thv gun-analysis codes were used as input
datd fOr the gyrocon design.

A TM11o deflection cavity is designrfl tu pru-
duce a roLdLinq mdqnrtic drflertion fl!’ld. TWU HI
inputs arr required, and the input lrtups art’ di$-
plit(rd by9L1° in azimuLh. Thi’ input signals also
must be displacxvl by 90° in tlmrm and a phasr con-
troller Is built to maintain thr 90- phascdff-
ferx?nce between the two drivr signal%. Our calcw-
latinns lndicflt~ that a TE deflection cavity of thr
typr I)ropowvl hy Urs>ul-Btlrql ‘ WIV:l!!rrdurv t1111RI
(Iriv[,powlir rrqllirem[~nL hy 50%. lhr 11. [dvity h,!%
mm{’ bvdm l~iadlng than thr TM cavity; thus. OIIL’nwtl
inrlucfr b~~m Inadirlq, as WII1l #s ohmi(. losw~. WIAIII
rwjdrirlg thv two tvpv’. of cdviLir$.

A ( oai 1,11brnd[~r m,lqnl, t f$ IIsrd to inlrra%r LhIS
drf lott ion flnqlr [If thv vlrLtron%, S.I tf’:sy can rntvr
thr output covity radially. Ihr coil$ art’ extrrndl
t:1 thr qyroron vw uum sy~t Pm, and drr surruundrd b,v
uittrr fur lmllnq. 1hr surf ,11.1~01 thr cuw th,lt

f dl. I.\ thl) Wilt W’ is yronwd Iikv a kly$tron coll(lLtur,
\(I thdt - i[)()N/rmz reflyIn’ d Issipatrd on thu cunlt
surf m v, w ilhout xtamilglhy the r Irctron l~i’fimdur Inq
tullr UU, Ihr outpuL ~dvity ts n resonant ring of rl’t-
tanqular UdV1’~Uldtl, hdVin~ rdthl!r largii ~111~ ([lCM)

thrnuqh whi[h thv lx~am rntrts aud merqr~. Itlr ollL-
pIII ~dvity i~ ron%Lru[trd of copl]rr-platrd stil~nlr%~
strrt for strmgth, ~nd t> wfitrr Lnoled to dik$lpiltv
thr otimil lo~~ri. lh~ edqrf of thr $Iot , IIIthr OIII-
put rtwlty, whfch may hr hit hy thv vlmtron hram,
arr so Iid ropprr dnd wr II coI}ld.
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Fig. 2-a.

Fig. 2-1).
Fiq. 2, Equipotentials and trajectories in the prototypo gyroc(,n gun with no maqn(,tic fit}lcti. ?-,1) /.i’-A 11(1,1111

current. 2-b) 2.4-f, beiimcurrcnt,

The oi~t.putpower 1s sent out of the cavity by
tw~] loops th~t aru displac~d 90U in azimuth. TII!l
loops arr adjustable in penetration, and art’ conn&ctud
to cu,lhial transmission lines that tt’!rminatc in coak-
to-w,lvrgu idel$ransltion slmllar to th~t used on thr
PLP klystron at Stanford. The collector is
Isolated from ground with ceramic standoffs. A
v~cuum valvr 1s located between thr clrctron qun ~nd
thr drflrction cavity, allowing IIIU RF cavitir~ ~o br
r~work(}d without iniury to t.hc oxide cathodr. A
s~dle drawing of thl’ dt’vice is shown in Fig. J.

ConLrol Syjtrm.

The control systrm (-wnprisrs srvrn powrr’
~uppli~~ for thu maqllrt%, two ion-pump powrr sup.
l)lil,~,fllam(’nt dnd ’oil-pump controllers. an lntcr-
Iock chain, and th~ f-trivrrchain. Thr rtrtvr \y\tf’nl
ii a tt~blr frf’qurn~y synthrsizur, fI)llowIILIby >vv-
f’ral iimlllifirr slllqr~. 11111f 11111 amplifirr~ artl
Iarqc tctrodrs that can drlivrr ovrr 30 kU of p~’ilk
foru,lrd powl’r to lIIC two g.vro~on {nllut~. lh~’ f Jtl
sv$t(hm also in~ludv~ pha<o and arn;]lltudr control Irr%
th.tl kPPII thc$f~ qu,lntitir:, ron$tanl in tll!’dvf Ircll(nl
lavlty dcspltr variations of hram turront.

Mullfpn(t.nrlrtq fn Lhr drflr[t ion cavity haf
11111111,1c.onstant pr(~lll[IM. lhf (Irflc(tlon cavity w,lt

tltnnlum f.rtntrd,hut thlt did nrtt (’hanyr thr
mull Ipw toring (:hnra(lrrl~tl!s; thut, wr rnn( IA*
111,11thf, multiplf(turlnq dl!chflrqf’ is lot.atod in ttw
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drive loops,

I
which are not easily accessible for

coating. The deflection cavity may be conditioned
for RF by operating the drive system for - 24 hours
with the beam off. Some multipactoring problems are
avoided by turning rn the RF drive before the high
voltage, which implies that the beam has a halo, or
at least has some stray electrons that can easily
start a mu”ltipdctoring discharge in the deflection
cavity.

Operatinq Results

The p-ototype gyrocon was assembled in
October 1980. The device was too large to be baked
in the ovefi that is used to repair the LAMPF klys-
trons; thus, it was given a low-temperature (-80°C)
bake with heating tapes while it was on the modulator.
The various metal surfaces remain impregnated with
gas .Ind we have been able to operate at only 1 Hz to
keep the vacuum pressure in the low 10-6 torr
region. A 75% beam transmission from the cathode to
the collecto,’ has been measured; but upon applying a
bias to the collector, the current varied by - 10%
with 100 V of bias. This indicates that a sub-
stantial fraction of the collector current is low-
energy, scattered, electrons presumably from the
bender cone.

The peak output power measured to date has been
only -10 U per output, and this power is inde-
pendent of the output-cavity tuners. The prima~y
beam diagnostic built into the device is water-
temperaturc monitors in severtl of the cooling
passages. These indicators are essentially useless
at the low duty factor at which the gyrocon is
nperatcd for good vacuum, After several weeks of
conditioning, it became clear that the RF power
output could not be increased by tuning thr maqnot or
RF variables. The electron beam was suspertpd of
being grossly different from the calculations of
Fig. 2. Accordingly, a 7.5-cm-diam pepper-pot
aperture pl~te and phosphor screen were built to
replace the bender cone. This aperture plate could
be moved from slightly beyond Lhe deflection cavity
to the midplane of the output c?vity. The screen 1S
almost always illuminated across its entire surface,
even without ,lny RI” fields in the deflection cavity.
The electron hearn appears to fill th~ entire physic~l
aperture and its emittance is very large. Uh~n RF is
applied, the be~m rotates in a very small
(-]-crmdidm) circle. The Rt’ beam loading is much
higher than calculated, because of the very Iargc
beams at the deflection cavity. The axial electric

field> vary almost linearly from the zero at the
cavity center, and the beam loading 1s a qu~dratic
function of the beam diameter. The reason for the
large beam $[:c IS rrot understood. There ar~ two
possibilities: (1) thr (?lcctrun\ arc not originating
from the cathode as they should, or (2) th~ electron%
are exprrienciny a magnrtic or elrrtric fiel[i t,h,ltII.
not considered. This elrctron gun f“ilerl to Pmlf
properly on initial tests and had to br flashed rrp~*t-
itlvely to ohtaln !I to H A of currwt, Because thr
filament is operittrd at - 10X hiqhpr voltagr than
is normal for this gun, focus-rlmtrorir emission could
be causlnq tnc beam to be so large. Thr cathodr if
poisonrd quickly, and thr full spa[~-charqr Iimitrd
currrnt is rarely achievt+; it is clear Lhat thrrv Is
something seriously wrnnq with thv qun. Thr sccrmd
pus$ibility could br causrd by havinq sorer maqnetlzt=d
irorl iIIthr valv~ mcchnni<m. lhl% can be chr(,ked
him th~ ~lpctrrrn qurl is removod f[~r recoatiny.

Conclusions

Although the prototypt gyrocon has a serious
problem with its beam, the author remains convinced
that the gyrocon concePt can be used to generate high
power microwaves at hiqh efficiency. Nothin~ in the
theory indicates that ~h? concept is in~alid~ afid
Soviet gyrocons have been at least partially succe
ful in achieving their design goals.

The electron gun on the prototype device wil
be changed and the experimental program will be
continued for the remainder of the year. The
fundamental difficulty of the qyrocon is the beam
transport. which cannot b~ helped by maqnetic

he

s-

fields. Smaller beams, operated at-higker voltage
and lower current, shcruld help this probler. Recer,t
work on electric deflection12 and on planar’~ rnd
spherical* versions of the device, should result
in better gain and more compact designs.
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